The enzyme-linked immunosorbent assay (ELISA) was elaborated for the detection of immunoglobulin M (IgM) and IgG antibodies against capsular and O antigens of Haemophilus influenza. Purified capsular polysaccharide and lipopolysaccharide were used as antigens, with optimal coating concentrations being about 50 and 100 jg/ml, respectively. The antibody content was expressed as the highest serum dilution (-log1o) showing an absorbance of 0.2 above the background level. The titers of hyperimmune sera (reference sera) ranged between 5 and 7 -log1o. The sensitivity of the method was about 80 ng/ml with regard to anticapsular antibodies and 3 to 5 ng/ml with regard to anti-lipopolysaccharide antibodies. For detection of antibodies against capsular polysaccharide in sera obtained after primary immunization, ELISA was about 100-fold more sensitive than the indirect hemagglutination assay, whereas in hyperimmune sera, ELISA was about 10-fold more sensitive than the indirect hemagglutination assay. The sensitivity of ELISA for detecting anticapsular antibodies after primary and booster immunizations was 50-fold higher than that of the bactericidal assay using capsulated bacteria, whereas the sensitivity of the two methods was the same when hyperimmune sera were tested. ELISA performed with lipopolysaccharide as the antigen was about 50-and 150-fold more sensitive than the complement fixation and bactericidal assays tested with noncapsulated variants after primary injection and hyperimmunization, respectively.
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The antibody response to the capsular polysaccharide (CPS) of Haemophilus influenza type b has been estimated by indirect hemagglutination assay (IHA) (1, 4) and, more recently, by radioimmunoassay (1, 11) . Both methods have certain disadvantages. IHA is comparatively insensitive, whereas radioimmunoassay, being sensitive, requires certain precautions in handling radioactive reagents as well as specialized equipment for measurement. In addition to the aformentioned methods, the complementdependent bactericidal assay (BC) has been used as a test mainly for measuring the amount of antibodies against the CPS antigen (1, 5, 6a), although the bactericidal effect might, to a certain extent, be due to antibodies against other antigens as well (1, 6a) . For the determination of antibodies against the cell wall antigens of noncapsulated H. influenza, the BC assay (5, 6a) and a complement fixation (CF) test have been available <4).
In contrast to the above-mentioned methods, which are dependent on secondary manifestations for visualization of the antigen-antibody reaction, the primary binding between antigen and antibody may be revealed by the enzymelinked immunosorbent assay (ELISA) (7, 15) .
By the use of immunoglobulin class-specific conjugates, this technique also offers a simple method for measuring and differentiating be- (3-5, 6a ).
Antisera. Antisera against Ma, Mb, Sa, and Sb bacteria, obtained as described previously (5, 6a) , were used in the study. The immunization schedule and the bleedings are shown in Fig. 1 LPS was prepared from two noncapsulated variants, Sa and Sb, of the capsulated strains (5, 6a) by hot phenol-water extraction (17) . The crude LPS extracts were treated with ribonuclease (type 1-A; Sigma Chemical Co., St. Louis, Mo.) at a concentration of 0.1 mg of enzyme per mg of LPS (pH 7.8) for 7 h and then centrifuged at 105,000 x g for 4 h. These preparations were designated LPS Sa and LPS Sb, respectively. One part of LPS was lyophilized to estimate the concentration of antigen. The part of LPS used for ELISA Antigen concentration and coating time. Lbbit hyperim-For CPS Ma I and CPS Mb 1, increasing absorIl experiments bance was registered when increasing concentrae enzyme-sub-tions of antigen were used for the coating of the nue until the tubes, with no leveling of absorbance being giving approx reached up to an antigen concentration of 1 mg/ able 1) at each ml (Fig. 4) . To obtain the highest titers of the ed tube incu-homologous reference sera, coating with CPS o) and another Ma I preparations should be performed at 4°C for 1 to 2 days, whereas coating with CPS Mb I should be performed for about 2 to 3 weeks. When the CPS I antigen was used for coating at a concentration of 100 to 200,ug/ml, the IgG and IgM titers of the reference sera were about the same as those observed when higher concentrations of antigen were used for coating. In the earlier part of the study, 100 to 200 ,tg of CPS I per ml was found to be suitable for determination of both IgG and IgM antibodies.
The CPS II antigen preparations adsorbed to the tubes in lower concentration than did CPS I. Optimal coating was obtained by using about 50,ug/ml as determined by IgG conjugate (Fig.   4 ). In addition, the CPS II preparations adsorbed more effectively (overnight incubation at 37°C and 1 to 2 days at 4°C) than did the CPS I. To save material, a suboptimal concentration of 30 ,ug/ml was utilized for further assays.
The inhibition study with CPS Mb I and CPS Mb II antigen preparations and an anti-Mb serum dilution of 1:1,000 revealed that the inhibitory concentrations causing 50% reduction of extinction at 400 nm were about 250 ,g/ml for the CPS Mb I and about 30 ,g/mI for the CPS Mb II antigen preparations.
Optimal coating of tubes with LPS was obtained by using a solution containing 100 ,ug/ml as tested with 10-fold dilutions of LPS antigen (Fig. 5 ). the maximum amount of precipitated antibodies and the corresponding ELISA titer by using IgG conjugate. The lowest amount of antibodies detectable with ELISA was about 80 ng/ml for anti-CPS Ma and Mb and about 3 to 5 ng/ml for anti-LPS Sa and Sb (Table 1) .
To study the specificity of ELISA concerning anti-capsular b antibodies, in addition to the homologous antisera, a number of antisera against various gram-negative and gram-positive bacteria, including five remaining types of H. influenzae, were tested for presence of IgG antibodies against CPS Mb II antigen by micro-ELISA (Table 2) . Demonstrable titers were obtained in sera against H. influenza type a (about 2.4 -logwo), S. pneumoniae type 6 (about 2.2 -logio), and E. coli 075:K100 (about 3.4 -logio).
As regards antibodies against LPS Sb antigen, the aforementioned sera were employed in the study. No demonstrable titers were noted in any of them. Comparison of macro-and micro-ELISA. Parallel experiments were performed with reference sera by using optimal concentrations of the corresponding antigens and the same conjugate concentration and enzyme-substrate reaction time. The greatest differences recorded between results obtained by macro-and micro-ELISA techniques were limited to 0.2 -log1o when CPS and LPS antigens were used in the assays. There was no tendency for any technique to give generally higher values.
Antibody response in rabbits against capsulated bacteria studied by means of ELISA, IHA, and BC assays. The four rabbits immunized with capsulated bacteria had no demonstrable antibodies against CPS Ma and CPS Mb in their preimmune serum samples as revealed by ELISA. The primary immunization with Ma or Mb bacteria caused an IgM antibody response within 2 to 4 days, whereas an IgG antibody response was not demonstrable until 7 to 14 days. The IgM titers rapidly decreased to low levels before the booster dose, in contrast to the IgG titers, which increased continuously.
The booster dose caused an IgM antibody response of the same magnitude as that obtained after the primary immunization, whereas the IgG titer levels increased only slightly. During the hyperimmunization course, the IgM and IgG antibody levels increased gradually to titer values of about 4 and 5 -logio, respectively. Figure  1 gives the development of ELISA IgM and IgG antibody titers in a rabbit given Mb bacteria, the titer development being representative for The antisera were also tested against LPS Sb antigen. The development of IgM and IgG antibodies was similar to that described below for the antisera against noncapsulated bacteria. However, the titers were about 10-to 100-fold lower in the hyperimmune sera against capsulated bacteria than in sera against the corresponding noncapsulated variant.
In addition, the IHA and BC titers are given for comparison of sensitivity. For the four sera, the IHA titers were 50-to 100-fold lower after the primary immunization than the corresponding ELISA titers. During the hyperimmunization course, the IHA titers increased to about the same levels as ELISA IgM titers, being about 70-fold lower than the ELISA IgG titers (Fig. 1) (Fig. 2) . The IgM titers against LPS did not increase any further after the booster dose and during the hyperimmunization course, whereas the IgG antibodies increased rapidly to values between 6 and 7 -logio (Fig. 2) Results obtained by ELISA may be expressed in a variety of ways (15) . In this study, the antibody content was expressed as -logio of serum dilution representing an endpoint titer. Repeated titration of reference sera showed that there was good reproducibility of results expressed in this way.
For standardization of the assay, the use of reference serum, with known amounts of specific antibodies in all sets of experiments, was necessary to compensate for variation in test parameters such as antigen coating on different occasions, different lots of conjugates, etc. The standard deviation of ELISA described in this study was as low as 0.21 -logio.
ELISA was found to be a sensitive method for the demonstration of antibodies to H. influenza antigens. By means of this technique, it was possible to measure about 80 ng of IgG antibodies against CPS. However, since IgM antibodies present in the hyperimmune sera may also have contributed to the amount of precipitate obtained at the quantitative precipitation analysis, the sensitivity of ELISA may have been somewhat underestimated. Despite this possibiity, the sensitivity was of the same magnitude as that of radioimmunoassays as reported by Norden and Michaels (11) . However, other studies have reported higher sensitivity of radioimmunoassay techniques (1) . The sensitivity of ELISA with regard to determination of antibodies against LPS was at least 10-fold higher than that of antibodies against CPS. It may be notable that the sensitivity of the assay used in the present study for demonstration of antibodies against H. influenza LPS was about fourfold higher than that registered in an assay for determination of antibodies against Salmonella O antigen (6) .
To obtain high specificity of ELISA, a primary requisite is to use highly purified antigen preparations at the coating of the tubes. The presence of a trace amount of O antigen in the CPS preparation used in ELISA (less than 0.5 ig/ml)
should not have influenced the absorbance obtained in the tests performed with this antigen because an absorbance as low as 0.2 was observed with 1 (13, 14) .
Using the same experimental parameters in micro-ELISA as in macro-ELISA, no differences in titer values exceeding 0.2 -logio were recorded. On this basis, the same sensitivity can be assumed for the micro method and macro method.
Although the number of animals included in the study was rather small, some general conclusions concerning the sensitivity of ELISA as compared with that of other serological methods might be drawn.
For estimation of the primary response (IgM class antibodies), ELISA was found to be more sensitive (10-to 100-fold) than the other methods, especially when compared to IHA, which measures capsular antibodies, too.
After the booster dose, in addition to IgM class antibodies, ELISA IgG titers were revealed which were higher than those obtained by other methods.
In the hyperimmune sera to capsulated bacteria, the differences between ELISA titers and the titers of the other methods were less pronounced. In the antisera to noncapsulated bacteria, the higher sensitivity of ELISA was more evident. The discrepancy in sensitivity between BC and ELISA may partly be due to 
